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TJ. S. Department op Agriculture, 

Weather Bureau, 
Washington, D, C, May 11, 190 Jf. 

Hon. jAiiES Wilson, 

Secretary of Agriculture, 
Sir: I have the honor to recommend that the inclosed article 
on Climate, written by me for the Encyclopedia Americana, be 
printed as a bulletin of the TJ. S. Department of Agriculture, 
Weather Bureau. The information contained in the article 
will doubtless be of value to the younger observers of the 
service, and to the layman who is not an expert in meteoro- 
logical science. 

Very respectfully, your obedient servant, 

Willis L. Moore, 
Chief U. S. Weather Bureau. 
Approved: 

jAiiES Wilson, 

Secretary. 
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CLIMATE. 

From the Greek word KXifxa, a slope or inclination. The 
term was used to denote the effect of the oblique rays of the 
sun on the temperature of the earth and its atmosphere. To- 
day it is applied to the sum of the atmospheric conditions as 
recorded for a long period of time; or, in other words, it is 
the totality of weather, while " weather " is the physical con- 
dition of the atmosphere at a given time, or during a limited 
period. 

One may well speak of the weather to-day, or of last month, 
of some past year; but not of the climate of a day, a month, 
or a year. The climate of a place is ascertained by a study 
of its continuous weather records; for a long period of years — 
the atmospheric pressure, the temperature, the rainfall and 
snowfall, the time and frequency of frost, the extremes of heat 
and cold, the direction and velocity of the wind, the amount 
of air that flows from the different points of the compass, the 
amount and the intensity of sunshine, the humidity and trans- 
parency of the atmosphere, and its electrification. 

The study of the causes of the weather and of the laws of 
storms constitutes that branch of science, known as meteor- 
ology* climatology is to be considered as a subdivision of 
meteorology. 

Climates may be broadly divided into marine, continental, 
mountain, and plain, with the many variations produced as 
these conditions gradually or precipitately shade off the one 
into the other. 

Basis of climate. — ^If the axis of the earth's rotation were per- 
pendicular to the ecliptic (the plane of its orbit) there would 
be no seasonal changes, for the rays of the sun would fall upon 
every point on a parallel of latitude with the same angle of 
incidence on each day of the year. There would be but one 
season at any place and it would never end, and there would 
be little variation in the intensity of storms. But as the axis 
of the earth is inclined at an angle of 23.5^ to the plane of its 
orbit, and as the direction toward which it points remains 
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nearly constant, there are but two days in each year when 
both hemispheres (north and south) are exactly one-half in 
sunshine and one-half in darkness, i. e., at the vernal and au-. 
tumnal equinoxes, when the sun crosses the equator. At all 
other times in each hemisphere, the angle at which the sun's 
rays strike the earth, the depth of the air through which they 
pass, the length of the day, and the proportions of each hem- 
isphere immersed in sunlight, are increasing or decreasing. 
As these four conditions increase in the Northern Hemisphere 
after the vernal equinox the summer grows upon us, reaching 
its greatest degree of heat about four weeks after the summer 
solstice. The lag of temperature is due to the fact that the 
atmosphere, being heated mainly by radiation from the earth 
and comparatively little by the direct action of the solar rays, 
does not attain its greatest heat until after the land and water 
have reached their maximum temperature and in turn have 
communicated this heat to the air above. Up to June 21, or 
the summer solstice, the Northern Hemisphere receives each 
day more heat than it looses, otherwise it could not gain in 
temperature; after the solstice the sun each day at meridian 
is found to have receded a little to the south. At places north 
of the Tropic of Cancer its rays fall with increasing obliquity 
and pass through a greater depth of air, and impinge for a 
less time each day, so that within a few weeks the earth be- 
gins to radiate more heat each day than it received. The 
maximum heat of summer occurs, on the average, when the 
loss of heat from the earth is just equal to that gained during 
the day from the sun. This, as previously stated, occurs 
several weeks after the sun is well on its way southward. 
About September 21 the autumnal equinox occurs, when the 
sun crosses the equator, and, as at March 21, the days are of 
equal length at all latitudes of both hemispheres. On or 
about December 21 — the winter solstice — the sun is farthest 
south, and the same conditions prevail in the Southern Hemis- 
phere that prevailed in the Northern Hemisphere on June 21. 
North of the equator the sun is now least effective; its rays 
reach the earth at the lowest angle through the greatest depth 
of air, and they are operative for the fewest hours during each 
day, of any portion of the year, but the greatest cold does not 
occur. This comes about four weeks later, when the increas- 
ing heat received each day by the earth from the sun is just 
equal to that lost by radiation. 



The effect of latitude will be underBtood by reference to tbe 
following figure: 



As the latitude increases, the rays of tbe sun will fall with 
increasing obliquity, and they lose in power by being spread 
over a larger surface, and by traversing a greater depth of 
air, which absorbs more of their heat. 

The same beam A, " when the sun is vertical, is spread over 
a surface such as G G. When the sun is inclined at an angle 
as shown in the figure, the beam is spread over a surface, G' C", 
which is somewhat greater than the first, and it passes through 
a column of air, li' ir G' C, greater than that of BBGG. The 
intensity of insolation at midday decreases approximately as 
the cosine of the latitude." 

Near the equator the sun's rays at midday fall perpendicu- 
lar to the surface of the earth, and there is virtually no change 
in the length of the day, and consequently there is little vari- 
ation in the daily or seasonal temperature. As the variation 
in the length of the day increases with the latitude, there are 
regions, in the temperate zone, where the length of time that 
the sun's rays fall upon the earth each day more than com- 
pensates for their obliquity. On this account the interior of 
continents may have at midday a higher temperature than 
prevails at the equator. 

Solar energy is about 7 per cent greater at perihelion (the 
point in the earth's orbit nearest the sun) than at aphelion 
(the point farthest away). As perihelion occurs in December, 
or the summer time of the Southern Hemisphere, and aphelion 
in its winter, that region has a greater range in the intensity 
of solar insolation than the Northern Hemisphere. If the land 
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surfaces of the two hemispheres were equal in area, the south- 
ern would have colder winters and warmer summers than the 
northern, and this is the case in portions of the Southern Hemi- 
sphere where the land area is large. But the great capacity 
of water for heat, and the slowness with which it radiates the 
same, modi&es seasonal extremes that otherwise would be much 
greater. 

Variations in climate, — If the earth were all water or all land, 
and if the land were everywhere of the same elevation, most 
of the factors that cause variations in climates — often consid- 
erable for regions closely contiguous — would be eliminated 
from the equation. Every point on the same parallel of latitude 
would have the same mean annual temperature, and the same 
average heat in summer and the same average cold in winter. 
New York and London, separated by eleven degrees of latitude, 
would not, as now, have about the same mean annual temper- 
ature. If it were all water there w^ould be no such extremes 
of heat and cold as we now know. It is probable that a ther- 
mometer exposed in the shade four feet from the surface of the 
earth would not anywhere — even at tlie equator — ever register 
above 90^ F.; there would be no frost within 35° or 40° of 
the equator, and zero temperatures would be recorded only 
in regions within 30° of the poles. If it were all land the heat 
would be much more intense than now in the Tropics, and 
in the temperate and frigid zones the heat of summer and the 
cold of winter would reach extremes unknown at this time. 

All the anomalies of climates are caused by the different 
specific heat capacities of land and water; their different 
powers of conduction and radiation; the irregular distribu- 
tion of these two surfaces; the widely- varying elevations of 
the land; the trend of mountain ranges; the prevailing direc- 
tion of the winds, and the carrying of large quantities of heat 
by ocean currents from the equator toward the poles, and the 
relative quantities of cloud and rain or snow. It is germane 
to a proper understanding of climate to know something in 
detail of the manner in which the air is heated. At 100 or 
200 miles above the earth's surface there is only the hypothet- 
ical ether, which, while too tenuous to be detected or meas- 
ured by any methods or appliances so far known, is supposed 
to be the medium that transmits solar energy to the earth 
and diffuses it through space. This energy, coming in many 
different wave lengths and with widely-varying intensities 
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of vibration, produces several different phenomena as it is ab- 
sorbed by or passes through the air, or as it impinges on the 
surface of the earth. The waves differ in their effects on dif- 
ferent objects, depending on the length and the absorptive 
response of the substances upon which they fall. The waves 
have heating, lighting, and chemical effects simultaneously in 
themselves, and it is only the nature of the objects upon which 
they fall that tends to differentiate them. The atmosphere, 
even at the surface of the earth, absorbs but a small part of 
the heat waves. They, therefore, reach the earth and warm 
its surface; and the earth in turn, by radiation, convection, 
and conduction, sends back into the air long heat waves, which, 
unlike the shorter solar waves, are readily absorbed by the 
atmosphore. The atmosphere is thus warmed from the bottom 
upward. This accounts for the perpetual freezing temperatures 
of very high mountain peaks, although they are nearer the sun 
than are the bases from which they rise. At the height of 
one mile in free air the temperature is about the same at mid- 
day as at midnight. Only during recent years have we begun 
to realize how extremely thin is the stratum of air next the 
earth that has sufficient heat for the inception, growth, and 
maturity of both animal and vegetable life. The raising of 
the thermometer shelter at the New York City observatory 
from an elevation of 150 feet above the street to an elevation 
of 300 feet, has caused an apparent lowering of the mean 
annual temperature of 2.5° F. On the hottest day in summer, 
if one could be lifted up to the height of only 1000 feet in free 
air, he would find a marked change in temperature. The 
United States Weather Bureau at 16 stations made a total of 
over 1200 kite observations in the United States in 1897. They 
showed an average decrease of 7*.4° F. for the first 1000 feet 
of ascent during the warm months, and when the observations 
were taken near the hour of daily maximum heat the decrease 
was frequently as much as 15°. At the height of 6 miles the 
cirrus clouds common to this level are, on account of the low 
temperature, always composed of minute ice spiculse, never 
of watery droplets like the lower cumulus clouds. In the 
middle latitudes of both hemispheres the air at this height is 
ceaselessly rushing toward the east, passing uninterruptedly 
over the cyclonic and anticyclonic systems that cause our 
storms and cold waves at the surface of the earth. Glaisher 
and an assistant ascended to a height of about 30,000 feet. 
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They suffered greatly from the cold, which measured many 
degrees below zero, although the time of year was September 
5. At the height of 6 miles the average temperature, deter- 
mined by many balloon ascensions is about —60*^ F. 

The difference between continental and marine climates is 
marked. The same amount of heat will raise the temperature 
of a land surface four times as high as it will raise that of a 
water surface. Land is a good absorber and a good radiator, 
but it is a poor conductor and a poor reflector. The absorbed 
heat does not penetrate into the ground to any great depth. 
The land, therefore, retains its absorbed heat near the surface 
and quickly and freely radiates that which it has absorbed. 
These conditions give to large land surfaces much higher 
temperature during the day and much lower temperature 
during the night than obtain over a water surface of the same 
latitude and much colder winters and much warmer summers. 
As an illustration, it may be stated that the Bermuda Islands, 
in the North Atlantic Ocean, have a mean daily range of tem- 
perature of only 10*^ F., and an annual range of only about 50*^ ; 
while Memphis, Tenn., near the same latitude, in the interior 
of a large continent, has a daily range of 17^ and an annual 
range of 112^. At Memphis a temperature of 104^ has been 
recorded in summer and —8^ in winter. At Bermuda the 
temperature generally reaches 90° during the summer, but 
very rarely exceeds that figure, while temperatures below 45^ 
are also very infrequent. The two places are typical of conti- 
nental and of marine climates. All regions bordering closely 
on the sea partake of both climates, the predominating one 
being determined by the direction in which the coasts trend, 
their elevation, and the direction and force of the prevailing 
winds. 

In the middle latitudes of both hemispheres the prevailing 
winds are from the west, and, therefore, continents lying in 
these regions have a marine climate in their western coastal 
regions, where the air moves from the water to the land, and 
nearly continental climate in their eastern coastal regions, where 
the general movement of the air is from the land to the sea. 

The distance to which moist and equable air conditions ex- 
tend inland is determined by the elevation of the land and its 
trend relative to the incident winds and the proximity of 
mountain ranges. The humid air from the Pacific meets the 
lofty range that skirts the western shore line of both North 
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and South America; it is forced up the mountain side until 
the cold of high elevation and the cooling of the air by 
expansion as it ascends cause it to precipitate its moisture, 
mostly upon the western side of the mountain, and it passes 
to the interior of the continent bereft of that life-giving 
moisture which, were it not for the intervention of the moun- 
tains, would spread a mantle of luxuriant vegetation 1000 
miles inland. If the disintegrating effects of temperature 
and rainfall had worn down the Sierras, the Plateau, and the 
rugged crags of the Eocky Mountains to the height of the 
Appalachians, the vaporous atmosphere of the Pacific would 
flow eastward far more freely than now, and meet that which, 
by the convectional action of cyclones, is frequently carried 
from the Atlantic Ocean and the Gulf of Mexico inland to the 
Mississippi Valley; then rain would be more abundant and 
the whole of the United States would have arable land. 

To give a further idea of the effect of mountain systems on 
the climates of continents one needs only to reverse the con- 
ditions just mentioned; if the Appalachian Mountains were 
as high as the Eocky Mountains, and if they extended farther 
southward and bordered the Gulf of Mexico, then the Ohio 
Kiver, the Mississippi, and the Missouri and their many tribu- 
taries would not exist, and the world's greatest granary would 
be a gray and nearly barren plain. 

The specific heat of water is greater than that of almost any 
other substance. It requires ten times the quantity of heat to 
raise a pound of water 1° than it does to raise a pound of iron 
1°. Solar rays penetrate the sea to a considerable depth; they 
are quite uniformly absorbed by the stratum penetrated. In 
consequence of these laws and conditions a vast quantity of 
heat is stored by the ocean in the Tropics and slowly given 
to the air as the ocean currents carry the warm water toward 
the poles. In this connection the writer would correct what 
he believes to be an exaggerated popular idea relative to the 
effect of the Gulf Stream on the climate of Europe. The 
North Atlantic circulation, flowing northward on the western 
side of the ocean (except a southward current from Davis 
Strait that chills Labrador and somewhat affects the tempera- 
ture of the New England coast), and southward along the 
coast of Europe, is many times more effective in modifying 
climate than is the Gulf Stream. That the western part of 
Europe is warmer, more humid, and subject to less radical 
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changes in temperature than equal latitudes in North America, 
except on the Pacific coast, is due primarily to the great ocean 
that lies on the west of Europe. Without ocean currents of 
any description this body of water would give to the air that 
moves from it to Europe a more equable temperature than is 
possessed by the eastern part of the North American Continent. 
Continents, therefore, partake largely of marine climates on 
their western borders, and principally of continental climates 
on their eastern borders. 

Climate affects the health, happiness, and well-being of peo- 
ple more than any other condition that goes to make up their 
environment. Within the broad confines of the United States 
there are many, but not all, shades and varieties of climate. 
One of the questions most frequently asked is: "Where shall 
I find a climate possessing both dryness and equability of tem- 
perature? " To this interrogatory reply must be made that 
the ideal climate as regards equability of temperature and 
absence of moisture does not exist in the United States, but 
that the nearest approach to it will be found in the great 
Southwest. 

The temperature of the Southwest is not equable in the sense 
of having an extremely small daily range, but it posesses the 
quality of annual uniformity in a greater- degree than will gen- 
erally be found elsewhere, except on the seacoast, and there 
the humidity is great. 

The most equable temperature on the globe will be found 
on the high table-lands and plateaus of the Tropics. Santa 
Fe de Bogota, in the United States of Columbia, has an aver- 
age temperature of about 69° F. for all months of the year, 
and the range for the entire year is less than is often experi- 
enced in a single day in some parts of the middle latitudes. 
But while the ideal temperature may be found on the higher 
elevations of the Tropics, the rainfall is much greater and 
more continuous than in this country. 

The temperature of a place depends chiefly on three condi- 
tions — latitude, elevation, and contiguity to large bodies of 
water. At sea level in the Tropics extreme conditions of heat 
and moisture produce very great physical discomfort. But 
even under the equator it is possible to escape the tropical 
heat of low levels by ascending from 4000 to 6000 feet. In 
the economy of nature there is a certain limit beyond which 
the two extremes, dryness and equability of temperature, can 
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not coexist; thus we may find a region so deficient in moisture 
as to satisfy the requirements of the case, but the very lack of 
moisture is a condition that facilitates radiation and thus con- 
tributes to great extremes of temperature. Regions may be 
found, as on the lower Nile, where there is a lack of rainfall 
coupled with a high and moderately uniform temperature. 
The mean winter temperature of Cairo, Egypt, is 56° F. ; mean 
summer temperature, 83°; a range from winter to summer of 
27°. The mean winter temperature of Phoenix, Ariz., is 52°; 
mean summer temperature, 87°; a range of 35°. It is by no 
means difficult to find a counterpart of the far-famed Egyptian 
climate in the great Southwest. 

The dryness of the air and the clearness of the sky are the 
conditions upon which daily ranges of temperature depend; 
the greater these, the greater the range of temperature from 
day to night. While a high summer temperature is charac- 
teristic of the Southwest and other portions of the Rocky 
Mountain Plateau, it is a fact that the sensation of heat as 
experienced by animal life there is not accurately measured 
by the ordinary thermometer. The sensation of temperature 
which we usually refer to the condition of the atmosphere 
depends not only on the temperature of the air, but also on 
its dryness and the velocity of the wind* The human organ- 
ism, when perspiring freely, evaporates the moisture of its 
surface to the dry air of the interior arid regions, and thus 
lowers its temperature and prevents sunstroke, which, in the 
more humid regions from the Mississippi -Valley eastward, 
occur in great number with the air temperature much less 
than obtains in the West. 

The meteorological instrument that registers the tempera- 
ture of the evaporation, and thus in some measure the actual 
heat felt by the human body, is the wet-bulb thermometer. 
The latter, as indicated by its name, is simply an ordinary 
mercurial thermometer whose bulb is wetted with water at the 
time of observation. 

Effect of climate on the races, — Climate is the most potent of 
any factor in the environment of races. It is climate and soil, 
plus heredity and form of government, that produces either 
vigorous or weak peoples. In this respect it is a question if 
the United States does not possess a constant potential that, 
all other conditions being equal, places it in a class by itself. 

Climate, soil, and good heredity may produce a race large 
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of stature and of great physical endurance, but unless such a 
people exist under a liberal form of government, in which 
public education is fostered and the arts and sciences taught, 
it is unable to employ its strength in those lucrative vocations 
that alone give a high per capita of wealth; and wealth means 
power. It is also weak in defending itself, either in war or in 
commerce, against a people of less numerical strength that is 
liberally educated, skilled, and humanely governed. 

If one reads of the overthrow of political dynasties and the 
subversion of trade and commerce, it will occur to him that 
northmen have usually been conquerors. If we consider the 
invigorating effect of cold air and marked changes of tempera- 
ture alone we might expect to find the strongest and most 
resourceful peoples inside of the Arctic Circle; and if we con- 
sider fruitfulness of soil alone we might reasonably expect to 
find the dominant peoples in the Tropics. But the fact is that 
the greatest human potentiality occurs somewhere between 
these two extremes. The boundaries can not be accurately 
determined by the naming of certain parallels of latitude, but 
a close approximation is made to the truth in the statement 
that the most vigorous people physically and the most re- 
sourceful mentally will be found in the most northerly regions 
that will produce not simply cereal crops, but an abundance 
of them. 

The sweep of the cold wave, as it is known in the United 
States, is quite distinctly North American. Nowhere else on 
fertile plains, unless it be in Eussia, does the temperature show 
such wide oscillation within such short periods of time, nor do 
the icy blasts sweep over such a broad area. It is probable that 
much of the physical and the intellectual energies that have 
caused the United States to excel in agriculture, in manufac- 
turing, and in commerce, were produced by the invigorating 
effect of the cold, dry, highly electrified air of the North 
American cold wave. The antiqyclonic systems of air that 
constitute cold waves have a marked downward compo- 
nent of motion. This motion brings from a considerable alti- 
tude to the surface of the earth some of the high electrical 
potential of the upper air, which is strongly stimulating to 
man and to other forms of animal life. These cold north winds 
have a much greater specific gravity than warm and humid 
winds, and this condition, added to the force with which they 
come, scatter and diffuse the befouled air near the surface of 
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the earth. Enough has been said to indicate that climate is 
nearly as important a part of the environment of animal life as 
it is of the vegetable existence, and that a wide range of an- 
nual temperature, if it be not so great as to limit the produc- 
tion of cereal crops, favors the development of strong races 
of men. 

Change of climate. — ^Notwithstanding the popular notion to 
the contrary, there is reason to believe that there has been no 
appreciable change in the climate of any large area within the 
period covered by authentic history. Changes in the surface 
of the earth may be noted within the lifetime of an individual, 
that are thought to prove that a change of climate has taken 
place, when the alterations may be due to the persistent action 
of freezing, thawing, rainfall, and flood. Great changes have 
occurred during geologic periods, but it is the opinion of the 
writer that they take place so slowly that thousands of years 
must elapse before their effect is measurable. 

Effect of forests on climate. — Extremes of temperature, both 
heat and cold, are slightly less over forests than over open 
regions, but the most important effect of forests on climate is 
the economic conservation of precipitation, diminishing the 
intensity of floods by restricting the flow-off, and by shading 
the snow deposited during the winter from the increasing sun 
of spring and early summer. More moisture is absorbed by 
the soil when it is covered by forest than when it is cleared of 
its forest cover, and it follows that deforestation, if extensive, 
may diminish the supply of springs and streams. 

Investigations in Germany and in India seem to indicate 
that there is an appreciable increase in rainfall as a result of 
reforestation. In general, forest may be looked upon as the 
effect rather than the cause of rainfall. 

Glimxite and animals. — The geographic distribution of animals 
is doubtless the outcome of definite laws — laws that stand in 
close relation with the past history of the earth through a 
large portion of geological time. What those laws are forms 
a subject of great importance in studies of evolution, a sub- 
ject, it may be remarked, entirely too great to be adequately 
treated in the present connection. Naturalists are generally 
of the opinion that all animals have been produced from those 
that preceded them by some slow process of transmutation or 
development, and that this modification of animal forms took 
place very slowly, as evidenced by the fact that the historical 
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